Finfish aquaculture has damaged seagrass meadows worldwide as wastes from the farms 10 can kill these habitat-forming plants. In Cyprus, the Mediterranean endemic Posidonia oceanica is 11 at its upper thermal limits yet forms extensive meadows all around the island. Understanding this 12 under-studied isolated population may be important for the long-term survival of the species given 13 that the region is warming rapidly. When fish farming began around Cyprus in the 90s, cages 14 were moored above seagrass beds, but as production expanded they were moved into deeper water 15 further away from the meadows. Here, we monitored the deepest edge of meadows near fish farms 16 that had been moved into deeper waters as well as at a decommissioned farm site. Four P. 17 oceanica monitoring systems were set up using methods developed by the Posidonia Monitoring 18 Network. Seagrass % coverage, shoot density, % of plagiotropic rhizomes, shoot exposure, leaf 19 morphometry, and sediment organic matter content and grain size were monitored at 11 fixed 20 plots within each system, in 2012-2014 and in 2017. Expansion at the lower depth limit of 21 seagrass meadows was recorded at all monitoring sites. Most other P. oceanica descriptors either 22 did not change significantly or declined. Declines were most pronounced at a site that was far 23 from mariculture activities but close to other anthropogenic pressures. The most important 24 predictor affecting P. oceanica was depth. Monitoring using fixed plots allowed direct 25 comparisons of descriptors over time, removes patchiness and intra-meadow variability increasing 26 our understanding of seagrass dynamics and ecosystem integrity. It seems that moving fish farms 27 away from P. oceanica has helped ensure meadow recovery at the deepest margins of their 28 distribution, an important success story given that these meadows are at the upper thermal limits 29 of the species.
INTRODUCTION
Seagrasses are major contributors to human well-being and the economies of coastal About 275 m northwest of the existing finfish cages and 240 m west of the previous position of cages, which were relocated deeper in 2011. The monitoring system was set up at regressive lower limits, at 25-26 m depth, in the summer of 2012. First set of data were collected the same period. Second set of data were collected in early autumn 2017.
Future monitoring and comparison with the data presented in this study, will be able to detect whether the relocation but expansion of the fish farm in deeper waters had any impacts on the adjacent P. oceanica meadows.
BI
Established in 1993 with licenced annual production 300 t yr -1 . Licenced production increased to 500 t yr -1 in 2004, 900 t yr -1 in 2007, 1300 t yr -1 in 2009, 1500 t yr -1 in 2014 and to 1800 t yr -1 in 2017. Shallow cages relocated in deeper water in 2011. # of finfish cages in 2017: 66
About 250 m north of the existing finfish cages and less than 100 m west of the previous position of the cages, which were relocated deeper in 2011. The monitoring system was established at regressive lower limits, at 22-23 m depth, in the autumn of 2012. First set of data were collected two years later in autumn of 2014. Second set of data were collected in autumn 2017.
EM
Established in 1993 with a licence to produce 100 t yr -1 . In 2011 it received permit to produce 1000 t yr -1 at a new, deeper (50 m depth) site over 600 m further offshore. The old shallow mooring system was gradually decommissioned and went from 10 cages in 2012, to 6 in 2013 to 2 in 2014 to 1 in 2015. # of finfish cages in 2017: 0 in old and 22 in new mooring.
About 100 m north/northwest of the shallow mooring, which ceased operations gradually. Operations moved and expanded deeper about 750 m southeast from the monitoring system. The monitoring system was established at regressive lower limits, at 21-23 m depth, in the summer / autumn of 2012. First set of data were collected the same period. Second set of data were collected in autumn 2017.
Future monitoring and comparison with the data presented in this study will provide vital information about the recovery rates of the P. oceanica meadow following the cessation of mariculture operations in the near vicinity.
REF
Farming started in mid-nineties and lasted about a decade (production ca 100 t yr -1 ). It has remained inactive for ca fifteen years.
About 300 m northeast from a small production unit, which terminated operations a long time ago. The monitoring system was established at stable lower limits, at 28-29 m depth, in the summer of 2013. First set of data were collected the same period. Second set of data were collected in early autumn 2017.
Future monitoring and comparison with the data presented in this study will provide a point of reference for other monitoring systems and if fish farming initiates near this system it will provide baseline data and vital information about the direct effects of the fish farm on the adjacent P. oceanica meadows.
M A N U S C R I P T
A C C E P T E D 0.4 cm s -1 (24%), 1.5 (45%), 2.5 (18%), 3.0 (13%) Faecal settling velocity: Sea Bass (cm s -1 ) 0.4 cm s -1 (6%), 1.4 (9%), 2.5 (20%), 3.6 (38%), 4.6 (27%) 159
Monitoring systems and data collection 160
The four monitoring systems were set up according to the 'Protocol for the setting up of 161 Posidonia meadows monitoring systems «MedPosidonia» Programme' (Pergent, 2007) . In 162 each monitoring system, 11 numbered cement markers were positioned at 5 m intervals and 163 anchored with 12 mm diameter iron stakes, at the edge of the meadow (total 50 m length).
164
Additionally, 16 mm diameter iron "photostakes", from where photographs were taken, were 165 hammered 50 cm into the sediment and sticking out 1 m, across each marker and the meadow's 166 edge.
167
At every marker, the following variables were recorded by scuba divers: depth and 168 angle to other markers, % seagrass cover in a 0.36 m 2 quadrat, shoot density and % of 169 plagiotropic (horizontally oriented) rhizomes in three fixed quadrats (0.04 m 2 ), and shoot 170 exposure or burial of orthotropic (vertically oriented) shoots (three replicates taken at both the 171 edge and another three at the inner side of the meadow). Surface sediment samples were 172 collected from each marker by a diver and granulometry was conducted using an Endecotts 173 Octagon sieve shaker after first drying the samples at 100 o C until constant weight. The 174 granulometry data were processed with the GRADISTAT particle size analysis software. Fine 175 sediment passing through the 212 µm sieve was homogenised, three replicates of 1.5 g from 176 each marker were combusted at 550 o C and the organic carbon was determined as % weight 177 loss following ignition. In addition, about 20 randomly selected orthotropic shoots from each 
212
In order to identify the predictors that affect the P. oceanica and sediment descriptors, a 213 multiple regression analysis was applied, where all the descriptors were categorised into two complemented with the relative importance analysis, which aims to identify the factor with the 220 highest controlling effect on the descriptor (Tonidandel and LeBreton, 2011) . This was based 221 on the calculation of lmg, the relative contribution of each predictor to the R 2 , averaged over 222 the orderings among predictors (Grömping, 2006) .
223
For all the statistical analyses the significance level α was adjusted to 0.05, computation 224 was carried out by R-studio (v 1.0.153) and all the graphic material was generated via the 225 package ggplot2 (Wickham, 2009 ). The relative importance analysis was conducted via the 226 package relaimpo (Grömping, 2006) . (Table 4 ). was not significantly different between the two samplings ( Figure 6 , Table 5 ). The lepidochronological analysis carried out during the first data collection at each of 313 the monitoring systems showed no significant change in leaf production over the years that 314 preceded sampling and when farms operated shallow moorings nearer to P. oceanica meadows 315 (Table 6) . 316 The LAI decreased between the two sampling periods across all monitoring systems.
Posidonia oceanica metrics

317
The smallest decrease was recorded at SW monitoring system (from 4.06 to 3.85 m 2 of canopy 318 per m 2 ), while the largest decrease was recorded at the deepest REF monitoring system (from 
Underlying predictors 325
Out of the five predictors that were investigated, time and depth had the greatest effect 326 on the descriptors studied, but all the predictors considered seemed to play a key role in 327 explaining most of the descriptors and had similar weight in their contribution (Table 7) . The
328
shoot density was the only descriptor that was not affected over time. Depth, distance and 329 direction from the cages were significant predictors of shoot density and had the largest 330 contribution in relative importance (Table 7) . Mediterranean. This is despite the fact that water temperatures are close to the reported upper 2008; Rountos et al., 2012) . In this study, P. oceanica descriptors did not clearly detect impacts 372 of the fish farm operations.
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
373
The impacts of mariculture on P. oceanica meadows are site-specific and dependant on 374 variables, such as the size of the farm and the intensity of feeding, depth and hydrodynamics.
375
In Cyprus, it seems that the decision to relocate the fish farms deeper (southern), in an area 376 dominated by west and east currents, has been successful in mitigating impacts to the P. 377 oceanica meadows that stretch northwards. The model simulations presented in this study, 378 showed that the main dispersal of particulate matter is not in the direction of the seagrass 379 meadows investigated. However, only two months were considered and resuspension, which 380 would tend to increase dispersion of waste particles, was not considered in the model. The farms expanded rapidly but cages moved away from the seagrass beds to mitigate impacts. • Four seagrass monitoring systems were set up near fish farms and decommissioned sites.
• Data collection was repeated from the same fixed-plots about five years later.
• Progression of previously impacted seagrass beds was noted and present-day farms, located in deep water, are not preventing nearby seagrass meadow growth.
